Purpose: To review the clinical, electrographic, radiological, and pathological findings of patients with coexistent idiopathic generalized and partial epilepsy syndromes. Methods: We performed a medical record review and a phone interview with all patients hospitalized to the Cleveland Clinic epilepsy monitoring unit (EMU) between 1992 and 2002 who fulfilled clinical and EEG criteria of coexistent partial and generalized epilepsy syndromes. Results: Seven patients were identified. Two (29%) were men with a mean age of 26 years. Four had a history of febrile seizures. Family history was positive in five. Mean duration of the generalized epilepsy syndrome was 11 years, and of the focal epilepsy 18 years. An equal number of patients developed focal versus generalized epilepsy first. Interictal EEG activity was predominantly generalized. Four had video-EEG documentation of both types of seizures. In the rest, only focal seizures were recorded but interictal activity strongly suggested a coexistent generalized epilepsy. MRI showed hippocampal atrophy in all, and hippocampal dysplasia in three. Five patients had PET imaging, all with hypometabolism in areas corresponding to the ictal onset on EEG. Four patients underwent epilepsy surgery with good surgical outcome and pathological confirmation of hippocampal sclerosis in all. Conclusion: We found a 0.2% incidence of coexistent focal and primary generalized epilepsy. Febrile seizures and a positive family history were common. Good seizure control was achieved after temporal lobectomy, even when interictal generalized activity predominated.
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Introduction
Epilepsy surgery is an established treatment for many patients with refractory focal epilepsy, but not employed for primary generalized epilepsy. Yet, both conditions may coexist in the same patient and thereby cause unique diagnostic and therapeutic challenges. The prevalence of this rare occurrence is undetermined. Methods used to investigate the coexistence of the two types of epilepsy in prior reports were variable and complicated by multiple factors including: (1) confusing electrophysiologic data secondary to the occurrence of both focal and generalized abnormalities in the EEG, [1] [2] [3] [4] (2) lack of availability of detailed imaging studies, 2-5 (3) lack of video EEG monitoring and therefore of exact clinical-electrophysiological correlation. [2] [3] [4] Our study will describe the clinical picture, electrophysiologic features, and neuroimaging findings in patients who have both focal and primary generalized epilepsy.
Materials and methods
Three thousand and nine patients were monitored in the epilepsy monitoring unit (EMU) in the Cleveland Clinic Foundation between 1992 and 2002. Among those, an EEG database computer search identified 185 patients who had either (1) generalized and focal seizures, or (2) generalized seizures with interictal focal epileptiform discharges, or (3) focal seizures with interictal generalized spike and/or sharp wave activity. We then reviewed clinical and EEG records of patients thus identified. Exclusion criteria were: (1) age <10 or >60 years old as symptomatic epilepsies such as Lennox-Gastaut or malformations or ischemic lesions are more likely in those age groups, (2) obvious secondary bilateral synchrony, independently occurring extratemporal spikes (that could reflect fragments of generalized epilepsy or focal extratemporal epilepsy), multiple independent spike foci, and/or generalized discharges with consistent or prominent lateralization on EEG, (3) a clinically progressive cerebral lesion such as a tumor, (4) focal neurological deficits, developmental delay or mental retardation. Secondary bilateral synchrony was defined as sequential focal spikes or sharp waves leading directly to bilaterally synchronous epileptiform paroxysms, and is therefore a ''generalized'' EEG abnormality actually due to a single focus. 6 In our cases, even though a single focus was identified, we used the frequency, symmetry and morphology of the generalized discharge to differentiate between primary generalized activity and secondary bilateral synchrony. On the other hand, multiple independent spike foci, as defined by independently occurring epileptiform potentials arising from at least three noncontiguous electrode positions with at least one consistent focus in each hemisphere, are multifocal abnormalities potentially associated with symptomatic generalized epilepsy. 7, 8 For the patients who fulfilled all inclusion and exclusion criteria, MRI, PET, SPECT, and pathological findings were reviewed when available. Phone interviews were conducted to clarify the cases' seizure description history and family history, and to follow up their clinical evolution.
Results
Of the 185 candidate cases identified by our database search, only seven met all the criteria. The following case illustrates most of the typical features of our series.
Case 1
Case 1 is a 54-year-old right-handed man admitted for evaluation of refractory epilepsy at age 52. Rare generalized tonic-clonic seizures (GTC) and more frequent brief staring spells started at age 7. He had a few simple febrile seizures since age 2. Family history is remarkable for a cousin with classic absence seizures since childhood. Routine EEG at age 19 showed generalized polyspike and wave activity. Dilantin controlled all seizures until age 21 when he developed a new seizure type: these usually started with nausea, anxiety and a deja-vu sensation followed by a smiling expression on his face, staring and lip-smacking, and then sometimes head jerking. After multiple routine EEGs showing generalized discharges, he was admitted to the EMU where his home anticonvulsants -lamotrigine and leveteracitam -were discontinued. He only had two GTCs associated with a generalized ictal onset and again only generalized polyspikes were seen on interictal recordings ( Fig. 1a and b) . Only after reintroduction of a low dose of leveteracitam were regional left temporal spikes recorded interictally. Two of his typical complex partial seizures (CPS) were associated with left temporal epileptiform activity ( Fig. 1c and d) . Neuroimaging showed left hippocampal atrophy and increased T-2 signal on MRI ( Fig. 2 ) and left temporal hypometabolism on PET. A left anterior temporal lobectomy was eventually performed with pathological confirmation of mesial temporal sclerosis. Postoperative EEG still recorded the generalized sharp wave complexes, but the patient remains seizure and aura free 2 years later on lamotrigine monotherapy.
Clinical characteristics
Seven patients met all inclusion and exclusion criteria. Two (29%) were men. Mean age was 26 years with a range of 15-52 years at the time of the EMU evaluation. In four patients (Table 1) , typical generalized and focal seizures were captured during monitoring, and electrographic confirmation of both generalized and focal epilepsy was obtained. Partial seizures usually started with an aura, evolving to a CPS and then to a secondarily GTC seizure in all but one patient. Concurrently, both sudden onset GTCs, without any aura or focal features, and myoclonic seizures were recorded in all cases, except for the first patient in whom only a GTC was documented. In the remaining three cases (Table 2) , only focal seizures were electrographically recorded, but interictal recordings were highly suggestive of generalized epilepsy as will be detailed later. Those 30 L.E. Jeha et al. patients never had myoclonic seizures; two of them had a history of recurrent episodes of brief lapses of consciousness when they were children, suggestive of absence seizures. Four patients had a history of febrile seizures. In two, febrile seizures were simple (cases 1 and 2). Case 4 however had a right body hemiclonic febrile seizure at age 4.5 years, and case 7 had febrile status at 16 months of age. In all four, family history was positive for either febrile seizures alone (brother of case 4), or electrographically documented childhood absence epilepsy (daughter of case 7), or historically multiple seizure types with staring spells, GTCs, and visual auras in the rest (cousin of case 1; both parents, brother, paternal uncle and maternal aunt of case 2).
The onset of the different epilepsy syndromes did not follow any specific pattern: partial seizures antedated the generalized epilepsy in half the patients, and followed it in the other half. At the time of the EMU evaluation, mean duration of the generalized epilepsy syndrome was 11 years, and of the focal epilepsy syndrome was 18 years.
Four patients underwent a standard anterior temporal lobectomy after extensive evaluation. All four ultimately became seizure free, although two had breakthrough seizures in the early postoperative course under specific stressful situations (pregnancy in one and medication withdrawal in the other).
EEG characteristics
As shown in Table 3 , interictal activity was predominantly generalized in six out of seven cases. It usually consisted of either 3 Hz or 4-5 Hz spike wave complexes. Predominantly regional interictal activity was only seen in case 5 with parietoocipital rather than temporal lobe epilepsy. In case 2, a clinico-electrophysiologic syndrome consistent with juvenile myoclonic epilepsy was recognized 6 weeks after a right temporal lobectomy with pathologic Coexistence of focal and idiopathic generalized epilepsy 31 diagnosis of mesial temporal sclerosis. Ictal recordings confirmed both the generalized and the focal onset of different seizure types. Postoperative EEGs performed several months after temporal lobectomy confirmed the persistence of generalized interictal discharges and the absence of focal epileptiform activity (Table 4 ).
Radiological characteristics
All seven patients had hippocampal atrophy on MRI, and in three, there were also findings suggestive of hippocampal dysplasia. All five patients who had a PET scan showed unilateral regional hypometabolism corresponding to the area of ictal onset. Patient 5 had an incidentally noted right occipital venous angioma.
Pathological characteristics
Pathological confirmation of mesial temporal sclerosis was obtained in all four patients who underwent a standard anterior temporal lobectomy. Additional microscopic focal neuronal heterotopia was identified in two and was not restricted to patients with radiological evidence of dysplastic hippocampi.
Discussion
Although EEG focal features have been previously described in patients with idiopathic generalized epilepsy (IGE) 2 and vice versa, 1,9 the true coexistence of partial epilepsy, such as temporal lobe 32 L.E. Jeha et al. epilepsy, and IGE such as juvenile myoclonic epilepsy in the same patient is a rare occurrence. Despite its rarity, it is important to recognize such a situation for appropriate diagnosis and both medical and surgical management. This becomes specifically significant while evaluating such patients for surgical treatment of refractory focal epilepsy in cases where generalized myoclonic seizures coexist with partial seizures. Table 5 summarizes the few published studies that reviewed the unique diagnostic and therapeutic challenges found in this situation.
3,9-11 These studies were limited by the inconsistency of video-EEG documentation of different seizure types, the lack of radiological evaluation of some patients, and the absence of detailed information related to important clinical variables such as family history and seizure semiology. All the patients in our series had video-EEG monitoring, high resolution MRI imaging, and were individually interviewed to clarify their personal and family history of seizures.
The following observations can be made from our data.
First, we determined the incidence of coexistent focal and idiopathic generalized epilepsy in a large cohort of adult EMU patients. Our incidence of 0.2% is comparable to that of previous studies. 12 It may well however be an underestimate of the true frequency for multiple reasons, including the retrospective nature of our study, and including all patients being monitored in our denominator while restricting the numerator to patients within a certain age group. This could be a significant factor in the pediatric population specifically (<10-year old), where generalized spike-and-wave discharges are well described in benign epilepsy of childhood with centrotemporal spikes. 13 However, the impact of this observation is mitigated by two facts: (1) the coexistence of idiopathic generalized epilepsy syndromes with benign rolandic epilepsy would be less common than the coexistence of the interictal EEG features, and (2) benign rolandic epilepsy is a well defined idiopathic epilepsy syndrome where the practical question of epilepsy surgery and therefore inpatient EMU evaluation rarely arises.
The importance of obtaining a detailed seizure description history cannot be overemphasized. In our cases, the coexistence of auras preceding a CPS plus a sudden onset GTC or myoclonic seizures raised the clinical suspicion of more than one epilepsy syndrome, and thereby prompted a comprehensive evaluation.
The predominance of classical primarily generalized interictal activity does not exclude the presence of a concomittant focal epilepsy that can only be confirmed if partial seizures are recorded ( Table 3 ). The persistence of the generalized discharges after temporal lobectomy in our surgical patients supports the concept that it was truly related to the IGE syndrome and not to secondary bilateral synchrony. Our data corroborates previous studies where the presence of generalized interictal discharges did not affect surgical success rates after temporal lobectomy for intractable temporal lobe epilepsy. 9 Seventy five percent of our surgical cases had an Engel score of one documented at 18-123 months of follow up, despite the persistence of interictal generalized spike wave complexes. Seizure freedom is probably reflective of the selection of appropriate antiepileptic therapy targeted to generalized epilepsy after surgically curing the focal epilepsy syndrome. Previous studies had suggested that, even without surgery, prognosis can be improved by making the correct diagnosis of coexistent epilepsy syndromes and instituting appropriate broad spectrum anticonvulsant coverage. 12 The need for continued such coverage postoperatively will also be better assessed when a coexistent generalized epilepsy syndrome is already known, as illustrated in our case #2.
The pathophysiological mechanisms underlying the coexistence of both types of epilepsy remain to be considered. Firstly, 4/7 or 57% of our cases had a history of febrile seizures. This rate is higher than the 25.2% rate observed with temporal lobe epilepsy and 11.0% seen with idiopathic generalized epilepsy. 14, 15 Secondly, all of the patients with febrile seizures had a strongly positive family history of either epilepsy or febrile seizures. These observations suggest a link to the syndrome of autosomal dominant epilepsy with febrile seizures plus (ADEFS+). Such an association requires further investigation.
Conclusion
We reviewed a very specific refractory epilepsy patient population in whom IGE coexists with partial epilepsy. The history of multiple seizure types such as myoclonic seizures coexistent with aura and complex partial seizures should raise a clinical suspicion to the coexistence of both epilepsy syndromes. Predominance of generalized interictal discharges should not rule out the consideration of a partial epilepsy, and should not lead to withholding potentially curative epilepsy surgery. Febrile seizures and a positive family history are frequently observed. Further research is needed to answer the question whether some of those patients represent part of the spectrum of ADEFS+, or at least whether an underlying chanellopathy is present.
